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(57) ABSTRACT 

A system and method monitor aircraft state parameters, for 
example, aircraft movement and llight parameters, applies 
those inputs to a spatial disorientation model, and makes a 
prediction of when pilot may become spatially disoriented. 
Once the system predicts a potentially disoriented pilot, the 
sensitivity for alerting the pilot to conditions exceeding a 
threshold can be increased and allow for an earlier alert to 
mitigate the possibility of an incorrect control input. 
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SYSTEM AND METHOD FOR PROVIDING 
MODEL-BASED ALERTING OF SPATIAL 
DISORIENTATION TO A PILOT 

STATEMENT REGARDING FEDERALLY 5 

SPONSORED RESEARCH OR DEVELOPMENT 

This invention was made with Government support under 
NNL 1 3 AA00C awarded NASA. The Government has certain 
rights in the invention. 10 

TECHNICAL FIELD 

The exemplary embodiments described herein generally 
relate to recognizing spatial disorientation and, more particu- 1 5 
larly, to providing model based alerting to a pilot of the 
possibility of spatial disorientation and to a pilot already 
disoriented. 

BACKGROUND 20 

Research indicates that aircraft loss-of-control incidents 
represent the leading cause of fatalities both in air transport 
and general aviation operations. While the precipitating 
causes of vehicle upsets are diverse, incident findings suggest 25 
that a flight crew can become disoriented and incapable of 
responding to unusual attitudes and other envelope excur- 
sions. Several aspects of the interaction between the flight 
environment and the human perceptual system contribute to 
these difficulties: 1) the aircraft generates forces that can be 30 
misinterpreted as the effect of gravity, making it difficult to 
establish vertical orientation; 2) pitch and roll maneuvers 
often do not generate a sense of tilt with respect to gravity; 3) 
accelerations can induce an inaccurate sense of tilt; and 4) 
sustained rotations can impede the ability to sense angular 35 
motion. The effects of these aspects noted above may be more 
pronounced in environments where visual cues are deficient. 
Under circumstances when many of these elements are 
present, it may be difficult for a pilot to respond appropriately. 

Generally speaking, normal flight may be impacted by 40 
vehicle movement and external forces (hazard or distur- 
bance), causing poor situational awareness (distraction), spa- 
tial disorientation, and mode confusion, resulting in abnormal 
attitudes, abnormal trajectory, and loss of aircraft control, for 
example, a stall. 45 

The human vestibular system, which contributes to balance 
and to the sense of spatial orientation, is the sensory system 
that provides the leading contribution regarding movement 
and sense of balance. The vestibular system comprises two 
components that detect rotation and translation: the semicir- 50 
cular canal system (three orthogonal semicircular canals), 
which indicates rotational movements; and the otoliths, 
which indicate linear accelerations. The vestibular system 
sends signals primarily to the neural structures that control 
eye movements, and to the muscles that allows one to sense an 55 
upright position. Movement of fluid within the horizontal 
semicircular canal corresponds to rotation of the head around 
a vertical axis, for example, the neck when doing a pirouette. 
The anterior and posterior semicircular canals detect rotation 
of the head in the sagittal plane, for example, when nodding, 60 
and in the frontal plane, for example, when cartwheeling. The 
movement of fluid pushes on hair cells that transduce the 
mechanical movement to electrical signals. 

Experience from the vestibular system is called equilibrio- 
ception. It is mainly used for the sense of balance and for 65 
spatial orientation. When the vestibular system is stimulated 
without any other inputs, one experiences a sense of self- 


2 

motion. For example, a person in complete darkness and 
sitting in a chair will feel that he or she has turned to the left 
if the chair is turned to the left. A person in an elevator, with 
essentially constant visual input, will feel she is descending as 
the elevator starts to descend. Although the vestibular system 
is a relatively fast sense used to generate reflexes to maintain 
perceptual and postural stability, compared to the other senses 
of vision, touch and audition, vestibular input is perceived 
with delay. 

Because human senses are believed to be adapted for use 
on the ground, navigating by sensory input alone during flight 
can be misleading: sensory input does not always accurately 
reflect the movement of the aircraft, causing sensory illu- 
sions. These illusions can be extremely dangerous for pilots. 

Illusions involving the semicircular and somatogyral 
canals of the vestibular system of the ear occur primarily 
under conditions of unreliable or unavailable external visual 
references and result in false sensations of rotation and/or 
motion. These include the leans, the graveyard spin and spi- 
ral, and the Coriolis illusion. 

The leans is the most common illusion during flight, and is 
caused by a sudden return to level flight following a gradual 
and prolonged turn that went unnoticed by the pilot. The 
reason a pilot can be unaware of such a gradual turn is that 
human exposure to a rotational acceleration of 2 degrees per 
second squared or lower is below the detection threshold of 
the semicircular canals. Leveling the wings after such a turn 
may cause an illusion that the aircraft is banking in the oppo- 
site direction. In response to such an illusion, a pilot may lean 
in the direction of the original turn in a corrective attempt to 
regain the perception of a correct vertical posture. 

The graveyard spin is an illusion that can occur to a pilot 
who enters a spin. For example, a pilot who enters a spin to the 
left will initially have a sensation of spinning in the same 
direction. However, if the left spin continues the pilot will 
have the sensation that the spin is progressively decreasing. 
At this point, if the pilot applies right rudder to stop the left 
spin, the pilot will suddenly sense a spin in the opposite 
direction (to the right). 

If the pilot believes that the airplane is spinning to the right, 
the response will be to apply left rudder to counteract the 
sensation of a right spin. However, by applying left rudder the 
pilot will unknowingly re-enter the original left spin. If the 
pilot cross-checks the turn indicator, he would see the turn 
needle indicating a left turn while he senses a right turn. This 
creates a sensory conflict between what the pilot sees on the 
instruments and what the pilot feels. If the pilot believes the 
body sensations instead of trusting the instruments, the left 
spin will continue. If enough altitude is lost before this illu- 
sion is recognized and corrective action is not taken, impact 
with terrain may occur. 

The graveyard spiral is more common than the graveyard 
spin, and it is associated with a return to level flight following 
a prolonged bank turn. For example, a pilot who enters a 
banking turn to the left will initially have a sensation of a turn 
in the same direction. If the left turn continues (for more than 
about 20 seconds), the pilot will experience the sensation that 
the airplane is no longer turning to the left. At this point, if the 
pilot attempts to level the wings this action will produce a 
sensation that the airplane is turning and banking in the oppo- 
site direction (to the right). If the pilot believes the illusion of 
a right turn (which can be very compelling), he will re-enter 
the original left turn in an attempt to counteract the sensation 
of a right turn. 

.An illusion caused by the coriolis involves the simulta- 
neous stimulation of two semicircular canals and is associ- 
ated with a sudden tilting (forward or backwards) of the 
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pilot’s head while the aircraft is turning. This can occur when 
tilting the head down (to look at an approach chart or to write 
on the knee pad), or up (to look at an overhead instrument or 
switch) or sideways. This can produce an overpowering sen- 
sation that the aircraft is rolling, pitching, and yawing all at 
the same time, which can be compared with the sensation of 
rolling down a hillside. This illusion can make the pilot 
quickly become disoriented and lose control of the aircraft. 

Somatogravic illusions are caused by linear accelerations. 
These illusions involving the utricle and the saccule of the 
vestibular system are most likely to occur under conditions 
with unreliable or unavailable external visual references. 

Accordingly, it is desirable to provide an alert to the pilot 
when current flight parameters produce conditions where 
pilot disorientation is likely. Furthermore, other desirable 
features and characteristics of the exemplary embodiments 
will become apparent from the subsequent detailed descrip- 
tion and the appended claims, taken in conjunction with the 
accompanying drawings and the foregoing technical field and 
background. 


BRIEF SUMMARY 


5 


to 


15 


20 


A system and method are provided for alerting a pilot of the 
possibility of spatial disorientation. 

In an exemplary embodiment, a method of alerting a crew- , 5 
member of a vehicle of the possible existence of spatial dis- 
orientation, comprising sensing a plurality of vehicle state 
parameters; passing the sensed vehicle state parameters 
through at least one transfer function associated with a human 
sensory system in order to estimate perceived vehicle state 
parameters; comparing the perceived vehicle state parameters 11 1 
with the sensed vehicle state parameters; and alerting the 
crewmember of the possibility of spatial disorientation if the 
discrepancy between perceived vehicle state parameters and 
sensed vehicle state parameters exceed a predetermined 
threshold. 35 

In another exemplary embodiment, a method of alerting a 
crewmember of an aircraft of the possible existence of spatial 
disorientation, comprising sensing at least one aircraft state 
parameter; estimating a perceived aircraft state parameter 
from the sensed aircraft state parameter within a computa- 40 
tional model associated with a human vestibular system; 
comparing the sensed aircraft state parameter to the perceived 
aircraft state parameter within the computational model to 
provide a compared aircraft state parameter; associating the 
compared aircraft state parameter with a stored aircraft state 45 
parameter known to have previously caused spatial disorien- 
tation, the computational model including a predetermined 
threshold; adjusting the predetermined threshold in view of 
the association; and alerting the crewmember of the possibil- 
ity of spatial disorientation if a discrepancy between the 
actual aircraft state and the perceived aircraft state parameter 50 
exceeds the adjusted predetermined threshold. 

In yet another exemplary embodiment, an apparatus for 
alerting a crewmember of a vehicle of the possible existence 
of spatial disorientation, the system comprising a memory 
storing a set of transfer functions that characterize the per- 55 
ceived state of the vehicle based on specified inputs; a system 
configured to provide current aircraft state parameters of the 
aircraft; a processor configured to compare the current air- 
craft state parameters with estimates of perceived aircraft 
state parameters; and an alerting system configured to alert 60 
the crewmember if the comparison exceeds a threshold. 

BRIEF DESCRIPTION OF THE DRAWINGS 


Hie present invention will hereinafter be described in con- 65 
junction with the following drawing figures, wherein like 
numerals denote like elements, and 


FIG. 1 is a block diagram of a known display system 
suitable for use in an aircraft in accordance with the exem- 
plary embodiments described herein; 

FIG. 2 is a schematic of parameter interactions in accor- 
dance with an exemplary embodiment; and 

FIGS. 3 and 4 are flow diagrams of exemplary methods 
suitable for use with the display system of FIG. 1 in accor- 
dance with the exemplary embodiments. 

DETAILED DESCRIPTION 

The following detailed description is merely illustrative in 
nature and is not intended to limit the embodiments of the 
subject matter or the application and uses of such embodi- 
ments. Any implementation described herein as exemplary is 
not necessarily to be construed as preferred or advantageous 
over other implementations. Furthermore, there is no inten- 
tion to be bound by any expressed or implied theory presented 
in the preceding technical field, background, brief summary, 
or the following detailed description. 

Techniques and technologies may be described herein in 
terms of functional and/or logical block components, and 
with reference to symbolic representations of operations, pro- 
cessing tasks, and functions that may be performed by various 
computing components or devices. Such operations, tasks, 
and functions are sometimes referred to as being computer- 
executed, computerized, software-implemented, or com- 
puter-implemented. In practice, one or more processor 
devices can carry out the described operations, tasks, and 
functions by manipulating electrical signals representing data 
bits at memory locations in the system memory, as well as 
other processing of signals. It should be appreciated that the 
various block components shown in the figures may be real- 
ized by any number of hardware, software, and/or firmware 
components configured to perform the specified functions. 
For example, an embodiment of a system ora component may 
employ various integrated circuit components, e.g., memory 
elements, digital signal processing elements, logic elements, 
look-up tables, or the like, which may carry out a variety of 
functions under the control of one or more microprocessors or 
other control devices. 

For the sake of brevity, conventional techniques related to 
graphics and image processing, navigation, flight planning, 
aircraft controls, aircraft data communication systems, and 
other functional aspects of certain systems and subsystems 
(and the individual operating components thereof) may not be 
described in detail herein. Furthermore, the connecting lines 
shown in the various figures contained herein are intended to 
represent exemplary functional relationships and/or physical 
couplings between the various elements. It should be noted 
that many alternative or additional functional relationships or 
physical connections may be present in an embodiment of the 
subject matter. 

The following description refers to elements or nodes or 
features being “coupled” together. As used herein, unless 
expressly stated otherwise, “coupled” means that one ele- 
ment/node/feature is directly or indirectly joined to (or 
directly or indirectly communicates with) another element/ 
node/feature, and not necessarily mechanically. Thus, 
although the drawings may depict one exemplary arrange- 
ment of elements, additional intervening elements, devices, 
features, or components may be present in an embodiment of 
the depicted subject matter. In addition, certain terminology 
may also be used in the following description for the purpose 
of reference only, and thus are not intended to be limiting. 

In accordance with the exemplary embodiments, an advi- 
sory system provides an alert to the pilot when current flight 
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parameters are associated with conditions that are likely to 
lead to disorientation of the pilot. The system considers 
parameters from sensors and avionic systems. The alert may 
be audio and/or visual. 

It should be understood that FIG. 1 is a simplified repre- 
sentation of a system 100 for purposes of explanation and 
ease of description, and FIG. 1 is not intended to limit the 
application or scope of the subject matter in any way. In 
practice, the system 100 will include numerous other devices 
and components for providing additional functions and fea- 
tures, as will be appreciated in the art. 

Referring to FIG. 1, an exemplary system 100 is coupled to 
avionics systems 106, one or more sensors 108, alerting sys- 
tems 110, and includes a processor 102, a memory 103, an 
optional display device 104, and a user interface 105. The 
processor 102 communicates with the memory 103, the dis- 
play device 104, the user interface 105, the avionics systems 
106, the sensors 108, and the alerting systems 110. 

The processor 102 may be implemented or realized with a 
general purpose processor, a content addressable memory, a 
digital signal processor, an application specific integrated 
circuit, a field programmable gate array, any suitable pro- 
grammable logic device, discrete gate or transistor logic, 
discrete hardware components, or any combination designed 
to perform the functions described herein. A processor device 
may be realized as a microprocessor, a controller, a micro- 
controller, or a state machine. Moreover, a processor device 
may be implemented as a combination of computing devices, 
e.g., a combination of a digital signal processor and a micro- 
processor, a plurality of microprocessors, one or more micro- 
processors in conjunction with a digital signal processor core, 
or any other such configuration. 

The memory 103 may be realized as RAM memory, flash 
memory, EPROM memory, EEPROM memory, registers, a 
hard disk, a removable disk, a CD-ROM, or any other form of 
storage medium known in the art. In this regard, the memory 
103 can be coupled to the processor 102 such that the proces- 
sor 102 can read information from, and write information to, 
the memory 103. In the alternative, the memory 103 may be 
integral to the processor 102. In practice, a functional or 
logical module/component of the display device 104 might be 
realized using program code that is maintained in the memory 
103. The memory 103 can be used to store data utilized to 
support the operation of the system 100, as will become 
apparent from the following description. 

In accordance with an exemplary embodiment, the display 
device 104 may be implemented using any one of numerous 
known displays suitable for rendering textual, graphic, and/or 
iconic information in a fonnat viewable by the operator. The 
display device 104 may additionally be implemented as a 
panel mounted display, a HUD (head-up display) projection, 
or any one of numerous known technologies. It is additionally 
noted that the display device 104 may be configured as any 
one of numerous types of aircraft flight deck displays. For 
example, it may be configured as a multi-function display, a 
horizontal situation indicator, or a vertical situation indicator. 
In the depicted embodiment, however, the display device 104 
is configured as a primary flight display (PFD). 

The sensor system 108 may be implemented using various 
types of sensors, systems, and or subsystems, now known or 
developed in the future, for supplying various types of aircraft 
state data. The state data may also vary, but preferably include 
data representative of the geographic position of the aircraft 
and also other data such as, for example, aircraft speed, head- 
ing, altitude, and attitude. 

In operation, the system 100 is also configured to process 
the current flight status data for the host aircraft. In this 
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regard, the sources of flight status data generate, measure, 
and/or provide different types of data and information related 
to the operational status of the host aircraft, the environment 
in which the host aircraft is operating, flight parameters, and 
5 the like. In practice, the sources of flight status data may be 
realized using line replaceable units (LRUs), transducers, 
accelerometers, instruments, sensors, and other well-known 
devices. The data provided by the sources of flight status data 
may include, without limitation: airspeed data; ground speed 
to data; altitude data; attitude data, including pitch data and roll 
data; yaw data; time/date information; and heading informa- 
tion. The system 100 is suitably designed to process data 
obtained from the sources of flight status data in the manner 
described in more detail herein. In particular, the system 100 
15 can use the flight status data of the host aircraft when render- 
ing the display. 

The number and type of avionics systems 106 (or sub- 
systems) may also vary, but typically include, for example, a 
global positioning system (GPS) receiver and an inertial navi- 
20 gation system (INS) receiver (not shown). The other avionics 
receivers may include, for example, a terrain avoidance and 
warning system (TAWS), a flight director, and a navigation 
computer. 

Prior research extending as far back as the 1960s has 
25 attempted to model the mapping between environmental 
stimuli (including inertial forces, visual flow, and tactile cues) 
and a perceived state. Mathematical transfer functions have 
been developed on the basis of psychophysical research to 
provide a formal and precise description of the specific ways 
30 in which input stimuli may be transformed to perceived 
motion state. These models have been used to advance the 
understanding of the human vestibular system and factors 
contributing to spatial disorientation. In accordance with the 
embodiments described herein, sensed data is used in con- 
35 junction with these transfer functions in real time to estimate 
and alert the pilot to the likelihood of spatial disorientation. 
Spatial disorientation is defined herein as an erroneous sense 
of one’s position and/or motion relative to the plane of the 
earth’s surface, which stems from the incorrect perception in 
40 magnitude and direction of any of the aircraft control and 
perfomiance flight parameters. Loss of energy situational 
awareness is defined herein as a special case of spatial disori- 
entation that is tied to aircraft energy management. These 
functions are used as the basis for an alerting system that is 
45 sensitive to pilot perceptual estimation. 

Numerous aircraft flight parameters generate forces that 
can be misinterpreted as the effect of gravity, especially when 
visual cues are deficient, making it difficult for a pilot to 
maintain vertical orientation. For example, pitch and roll 
50 maneuvers often do not generate a sense of tilt with respect to 
gravity; accelerations can induce an inaccurate sense of tilt; 
and sustained rotations can impede the ability to sense angu- 
lar motion. By monitoring the vehicle movement and flight 
parameters and applying those inputs to a spatial disorienta- 
55 tion model, a prediction is made of when the operator may 
become spatially disoriented. Once the system predicts a 
potentially disoriented pilot, the sensitivity for alerting the 
pilot to conditions exceeding a threshold can be increased. 
This increase in sensitivity can be applied such that only the 
60 direction of likely inappropriate control will be increased. For 
example, the bank angle alert could be adjusted from the 
normal +/-35 degrees to +/— 25 based on the direction of the 
turn. This would allow for an earlier alert to the incorrect 
control input. 

65 The three axis data for orientation, velocity, and accelera- 
tion are applied to a model of the human vestibular system. 
This model accounts for the dampening out of stimuli that 
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lead to spatial disorientation. Basically, the vestibular system 
detects changes and not absolute inputs. From this model it is 
possible to predict the onset of spatial disorientation. Com- 
putational modeling provides integration of disparate experi- 
mental findings, provides the ability to assess unforeseen 5 
interactions, makes verifiable predictions, and can be revised 
and updated based on new knowledge. 

The type of spatial disorientation may also be determined. 
Examples of the types of spatial disorientation include, for 
example, somatogravic illusion. From this, alerting algo- to 
rithms for control exceeding a threshold are adjusted. Spatial 
disorientation alerts may be provided, for example, in the plus 
and minus direction for pitch, roll, and yaw. In a first exem- 
plary embodiment, the bank angle alert is biased to early 
detection in the direction the model predicts an incorrect 15 
control input from a spatially disoriented pilot would be 
expected. In a second exemplary embodiment, the accelera- 
tion of a takeoff would lead to a prediction of over control of 
pitch into a negative pitch condition. An alert could then be 
generated for excessive pitch down control inputs. 20 

More specifically and in accordance with an exemplary 
embodiment (FIG. 2), aircraft state parameters 202 includes 
inertial motion 204, visual field motion 206, and action of 
tactile and proprioceptive stimulation devices 208. Examples 
of inertial motion 204 include movement of the aircraft due to 25 
movement of aircraft controls, wind, and turbulence. The 
visual field motion 206 may be, for example, viewing a 
changing background of clouds in relation to the cockpit 
window frame. An example of action of tactile and proprio- 
ceptive stimulation devices 208 is the force between the seat 30 
and the body during a turn. These aircraft state parameters 
202 are applied to sensor models 210, including a visual 
model 212, a vestibular model 214, a proprioceptive model 
216, and a tactile model 218, each including transfer func- 
tions 213, 215, 217, and 219, respectively. Outputs of each of 35 
the sensor models 210 are applied to a processor 222 for 
comparison with outputs from the aircraft state parameters 
202 for estimating motion and orientation perceptions of the 
pilot. When these motion and orientation perceptions exceed 
a threshold, at least two things may occur. The sensitivity for 40 
providing the alert (threshold) may be increased in the direc- 
tion of disorientation, and a signal 224 may be provided to an 
alert device 226. The alert may be aural or visual, for example. 
Some alert systems may be augmented (enhanced) by pro- 
viding data about the type, direction, and level of the special 45 
disorientation. For example, data could be provided to an 
existing bank angle warning system to adjust the alert thresh- 
old in the direction of the disorientation. 

Aural alerts play an important role in resolving possible 
ambiguities associated with visual corrective cues by present- 50 
ing a redundant verbal message. An aural annunciation of the 
required corrective action may be included in the exemplary 
embodiments. In one exemplary embodiment, an aural cor- 
rective guidance message is provided, for example, (“ROLL 
LEFT” (or right); “TO LEVEL! TO LEVEL!”), to the current 55 
excessive bank alert (“BANK ANGLE! BANK ANGLE!”). 

An aural alert may also be provided, for example, to pitch up 
or pitch down if the improper pitch caused by disorientation is 
in the vertical direction. Besides communicating corrective 
action, aural warnings can also help in situations where a pilot 60 
may not be visually attending a critical flight parameter. 

FIG. 3 is a flow chart that illustrates an exemplary embodi- 
ment of a method 300 suitable for use with a flight deck 
display system 100. Method 300 represents one implementa- 
tion of a method for displaying aircraft approaches or depar- 65 
tures on an onboard display of a host aircraft. The various 
tasks performed in connection with method 300 may be per- 
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formed by software, hardware, firmware, or any combination 
thereof. For illustrative purposes, the following description of 
method 300 may refer to elements mentioned above in con- 
nection with the preceding FIGS. In practice, portions of 
method 300 may be performed by different elements of the 
described system, e.g., a processor, a display element. It 
should be appreciated that method 300 may include any num- 
ber of additional or alternative tasks, the tasks shown in FIG. 
3 need not be performed in the illustrated order, and method 
300 may be incorporated into a more comprehensive proce- 
dure or method having additional functionality not described 
in detail herein. Moreover, one or more of the tasks shown in 
FIG. 3 could be omitted from an embodiment of the method 
300 as long as the intended overall functionality remains 
intact. 

In accordance with the exemplary method of FIG. 3, a 
method of alerting a crewmember of a vehicle, e.g., an air- 
craft, of the possible existence of spatial disorientation 
includes sensing 302 a plurality of aircraft state parameters, 
passing 304 the sensed aircraft state parameters through at 
least one transfer function associated with a human vestibular 
system in order to estimate perceived aircraft state param- 
eters, comparing 306 the perceived aircraft state parameters 
with the sensed aircraft state parameters; and alerting 308 the 
crewmember of the possibility of spatial disorientation if the 
discrepancy between perceived aircraft state parameters and 
sensed aircraft state parameters exceed a predetermined 
threshold. 

In accordance with the exemplary method of FIG. 4, a 
method of alerting a crewmember of the possible existence of 
spatial disorientation includes sensing 402 at least one air- 
craft state parameter, estimating 404 a perceived one aircraft 
state parameter from the sensed one aircraft state parameter 
within a computational model associated with a human 
vesibular system, comparing 406 the sensed one aircraft state 
parameter to the perceived one aircraft state parameter within 
the computational model to provide a compared one aircraft 
state parameter, associating 408 the compared one aircraft 
state parameter with a stored one aircraft state parameter 
known to have previously caused spatial disorientation, the 
computational model including a predetermined threshold, 
adjusting 410 the predetermined threshold in view of the 
association; and alerting 412 the crewmember of the possi- 
bility of spatial disorientation if a discrepancy between the 
actual aircraft state and the perceived aircraft state parameter 
exceeds the adjusted predetermined threshold. 

Benefits, other advantages, and solutions to problems have 
been described above with regard to specific embodiments. 
However, the benefits, advantages, solutions to problems, and 
any element(s) that may cause any benefit, advantage, or 
solution to occur or become more pronounced are not to be 
construed as a critical, required, or essential feature or ele- 
ment of any or all the claims. As used herein, the terms 
“comprises,” “comprising,” or any other variation thereof, are 
intended to cover a non-exclusive inclusion, such that a pro- 
cess, method, article, or apparatus that comprises a list of 
elements does not include only those elements but may 
include other elements not expressly listed or inherent to such 
process, method, article, or apparatus. 

While at least one exemplary embodiment has been pre- 
sented in the foregoing detailed description, it should be 
appreciated that a vast number of variations exist. It should 
also be appreciated that the exemplary embodiment or exem- 
plary embodiments are only examples, and are not intended to 
limit the scope, applicability, or configuration of the invention 
in any way. Rather, the foregoing detailed description will 
provide those skilled in the art with a convenient road map for 
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implementing an exemplary embodiment of the invention, it 
being understood that various changes may be made in the 
function and arrangement of elements described in an exem- 
plary embodiment without departing from the scope of the 
invention as set forth in the appended claims. 5 

What is claimed is: 

1. A method of alerting a crewmember of a vehicle of the 
possible existence of spatial disorientation, comprising: 

sensing a plurality of vehicle state parameters, wherein 
vehicle state parameters include input from tactile and to 
proprioceptive simulation devices; 
passing one of the plurality of sensed vehicle state param- 
eters through a transfer function associated with a 
human sensory system in order to estimate a respective 
perceived vehicle state parameter; 15 

comparing the estimated perceived vehicle state parameter 
with the one of the plurality of sensed vehicle state 
parameters; 

determining whether the estimated perceived vehicle state 
parameter exceeds a predetermined threshold; 20 

increasing a sensitivity of an alert when it is determined 
that the estimated perceived vehicle state parameter 
exceeds the predetermined threshold; and 
alerting the crewmember of the possibility of spatial dis- 
orientation when it is determined that the estimated per- 2 5 
ceived vehicle state parameter exceeds the predeter- 
mined threshold. 

2. The method of claim 1 wherein the estimating of vehicle 
state parameters comprises: 

estimating using a computational model. 30 

3. The method of claim 1 wherein the passing step com- 
prises: 

passing the one of the plurality of the sensed vehicle state 
parameters through a transfer function associated with a 
human vestibular system. 35 

4. The method of claim 3 wherein the vehicle is an aircraft 
and the sensing further comprises: 

sensing a plurality of flight parameters. 

5. The method of claim 3 wherein the predetermined 

threshold comprises: 40 

one of a degree of bank of the vehicle and a degree of pitch 
by the vehicle. 

6. The method of claim 1 wherein the passing step com- 
prises: 

passing the one of the plurality of the sensed vehicle state 45 
parameters through a transfer function associated with at 
least one of a human visual, proprioceptive, or tactile 
system. 

7. A method of alerting a crewmember of an aircraft of the 

possible existence of spatial disorientation, comprising: 50 

sensing an aircraft state parameter, wherein aircraft state 
parameters include input from tactile and proprioceptive 
simulation devices; 

estimating a perceived aircraft state parameter from the 
sensed aircraft state parameter within a computational 55 
model associated with a human vestibular system, the 
computational model including a predetermined thresh- 
old; 

comparing the sensed aircraft state parameter to the esti- 
mated perceived aircraft state parameter within the com- 60 
putational model to provide a compared aircraft state 
parameter; 

associating the compared aircraft state parameter with a 
stored aircraft state parameter known to have previously 
caused spatial disorientation; 65 

adjusting the predetermined threshold in view of the asso- 
ciation; 


determining whether the estimated perceived aircraft state 
parameter exceeds the adjusted predetermined thresh- 
old; and 

alerting the crewmember of the possibility of spatial dis- 
orientation when it is determined that the estimated per- 
ceived aircraft state parameter exceeds the adjusted pre- 
determined threshold. 

8. The method of claim 7 wherein the sensing further 
comprises sensing a plurality of flight parameters. 

9. The method of claim 7 wherein the predetermined 
threshold comprises: 

a degree of bank of the aircraft. 

10. The method of claim 7 wherein the predetermined 
threshold comprises: 

a degree of pitch of the aircraft. 

11. The method of claim 7 wherein the estimating of the 
aircraft state parameter comprises: 

estimating using a computational model. 

12. The method of claim 7 further comprising: 

modifying the predetermined threshold in accordance with 

the comparison of the perceived vehicle state parameters 
with the sensed vehicle state parameters. 

13. An apparatus for alerting a crewmember of a vehicle of 
the possible existence of spatial disorientation, the system 
comprising: 

a memory storing a set of transfer functions that character- 
ize the perceived state of the vehicle based on specified 
inputs; 

a system configured to provide current vehicle state param- 
eters of the vehicle, wherein vehicle state parameters 
include input from tactile and proprioceptive simulation 
devices; 

a processor configured to: 

receive a current vehicle state parameter, 
estimate a respective perceived vehicle state parameter, 
compare the current vehicle state parameter with the 
estimated perceived vehicle state parameter, 
retrieve an associated predetermined threshold; and 
determine whether the estimated perceived vehicle state 
parameter exceeds the predetermined threshold; 
increase a sensitivity of an alert when it is determined 
that the estimated perceived vehicle state parameter 
exceeds the predetermined threshold; and 
command an alerting system coupled to the processor 
and configured to alert the crewmember to generate an 
alert when it is determined that the estimated per- 
ceived aircraft state parameter exceeds the predeter- 
mined threshold. 

14. The system of claim 13 wherein the vehicle is an 
aircraft and the system is further configured to: 

provide a plurality of flight parameters as the current air- 
craft state parameters. 

15. The system of claim 13 wherein the threshold com- 
prises: 

one of a degree of bank of the vehicle and a degree of pitch 
of the vehicle. 

16. The system of claim 13 wherein the processor is con- 
figured to: 

provide a computational model. 

17. The system of claim 13 wherein the processor is con- 
figured to: 

compare the current vehicle state parameters with esti- 
mates of perceived vehicle state parameters based on the 
human vestibular system. 
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18. The system of claim 13 wherein the processor is further 
configured to: 

compare the current vehicle state parameters with esti- 
mates of perceived vehicle state parameters based on at 
least one of the human systems comprising human 5 
visual, proprioceptive, or tactile system. 



